Purpose: We examined the effects of a community outreach program for maternal health in Tigray, Ethiopia, on women's knowledge about pregnancy, childbirth, postpartum care, and family planning, and assessed their participation in antenatal care, postpartum checkups, institutional childbirth, and contraceptive use. Methods: We recruited Ethiopian women of reproductive age (15 to 49 years) in Tigray, Ethiopia. Two villages in Tigray, Kihen and Mesanu, which have similar population sizes and living environments, were chosen as the intervention and comparison groups, respectively. A two-group pretest-posttest design with cluster sampling was employed. We conducted self-report questionnaire surveys using face-to-face interviews. The 2.5-year community outreach program was developed based on Rogers' diffusion of innovation theory. It consisted of mass media use and health education for lay women in the community, along with training of health care providers, including nurses, midwives, and health extension workers, in maternal health care. Results: The intervention group showed significant increases in knowledge and behaviors regarding maternal health and family planning compared to the comparison group (p < .001). In particular, there was a dramatic increase from 10.8% to 93.5% in the institutional birth rate in the intervention group. Conclusion: The community outreach program and health care professional training effectively improved knowledge and behaviors regarding maternal health in Ethiopian women. Mass media and interpersonal communication channels for health education may be useful health interventions in developing countries.
Introduction
Maternal health is a major health concern in developing countries. Among the eight Millennium Development Goals adopted by the United Nations in 2000, the fifth Millennium Development Goal, improving maternal health, was to reduce the maternal mortality ratio by 75% between 1990 and 2015 [1] . Ethiopia is one of the countries with a high maternal mortality rate. The pregnancyrelated maternal mortality rate in Ethiopia was 676 deaths per 100,000 live births in 2011, which decreased to 412 deaths per 100,000 in 2016 [2] , while sub-Saharan Africa as a whole reported a maternal mortality rate of 546 in 2015 compared with a maternal mortality rate of 14 in 2015 from the countries of The Organisation for Economic Co-operation and Development (OECD) [1] .
Maternal mortality can be reduced by skilled birth attendants, who are health-care professionals providing care to women and their newborns during pregnancy, childbirth, and the postpartum period. A systematic review demonstrated that facility-based birth with skilled birth attendants was significantly correlated with lower maternal mortality rates in sub-Saharan Africa [3] . However, a recent Ethiopian study reported that only 16% of births were assisted by skilled birth attendants, and Ethiopian women preferred a home birth because of a lack of knowledge on the importance of skilled birth attendants [4] .
Family planning allows women to have desired number of children and to control the spacing of pregnancy through the use of contraceptive methods. It prevents pregnancy-related high risks and need for unsafe abortion [5] . A recent study estimating the effects of contraceptive use on maternal health in 172 countries reported a 44% decrease in maternal mortality of women using contraceptives [6] . However, Ethiopia has a low rate of family planning practice. Among married Ethiopian women, 35% currently used a modern contraceptive method, and 22% reported unmet need for family planning in 2016 [2] .
Within this context, we implemented a maternal-child health outreach project with funding support from the Korea International Cooperation Agency (KOICA) and a collaboration with the Tigray Health Bureau to improve maternal and child health in Kilte Awlaelo, the rural area of Tigray, Ethiopia, over 2.5 years (February 2012eAugust 2014 . This project focused on increasing the contraceptive use rate and the skilled birth attendance rate and intended to identify the effectiveness of this outreach intervention program.
The implementation phase of this project was based on the "diffusion of innovation theory" by Rogers [7] , in which "innovation is an idea, practice, or project that is perceived as new by an individual or other unit of adoption." To the community residents in Ethiopia, especially in rural areas, maternal health-related information provided from the maternal health outreach program was a new idea different from their traditional practice. Thus, the maternal health outreach program was developed and theoretically based on Rogers' theory.
The purpose of this study was to examine the effects of a community outreach program for maternal health in Tigray, Ethiopia. The specific aims were (1) to examine the effects of the program on women's knowledge change related to pregnancy, childbirth, postpartum care, and family planning and (2) to identify the effects of the program on women's participation rate in antenatal care and postpartum checkups, institutional childbirth, and contraceptive use.
Methods

Study design
A two-group, pre-post design with cluster sampling was used ( Figure 1 ). Kihen and Mesanu were chosen as the intervention and comparison group communities, respectively. We conducted selfreported surveys before and after the intervention.
Setting and sample
The target village of our outreach program was Kihen in the Kilte Awlaelo district (woreda) of the Tigray Region in Ethiopia. Tigray has a much higher percentage of its population in the lowest quantile of wealth (25.8%) and of females with no education (47.3%) compared with those of Addis Ababa, the capital of the country, which showed values of 0.3% for the lowest quantile of wealth and 22.5% for females with no education [7] . The village of Mesanu in the same administrative district was selected as the comparison group because its distance from the Agula Health Center and its population size and living environment were similar to those in Kihen. The population size was 1,454 households in Mesanu and 1,207 households in Kihen. Most residents in these two villages were engaged in agriculture. Each village had no hospitals but one health post, which was within jurisdiction of the Agula Health Center. There were two health extension workers (HEWs) in each health post at Kihen and Mesanu.
We included Ethiopian women of reproductive age (between 15 and 49 years) living in the study areas. Before the intervention began, we used cluster sampling to survey all the eligible women in the target area, Kihen, because we had to assess the health status of the whole community. We used a complete community-level survey with a sample size of 927. For other surveys of the comparison group and postintervention survey for the intervention group, we calculated the sample size determined by the population proportion formula, using a 5% margin of error, 95% confidence level, and a population of 27,460 fertile women with a pregnancy rate of 16.2% in Kilte Awlaelo as follows:
The calculated sample size was 209. We selected 300 as the final sample size considering dropouts during the study period and missing participants. The Health Development Army (HDA) helped to recruit women for every survey. The HDA is a network of volunteers to promote community health by communicating with neighbors and was assigned to communicate with a different number of households in the community, usually 15e31 households per HDA. Considering the number of households and presence of potential study participants from households, we randomly selected 18 HDA members for each survey to ensure a full sample size of 300 women. Hence, the sample size for each survey was Includes village-level and small group health education sessions for the women using a various types of mass media, health-care professional's on-the-job training, and training of health development army. 2 Includes maternal health information via radio broadcasting and health-care professional's on-the-job training.
different. The final samples in the intervention and comparison groups were 927 and 289 before the intervention and 409 and 367 after the intervention, respectively.
At the primary level of the health system in Ethiopia, healthcare professionals, including medical doctors, nurses, and midwives, work in health centers. For residents living in remote areas with limited transportation, HEWs provide health services at health posts. The HDA is another important network in Ethiopia and consists of women volunteering in their community to promote health. Each HDA is responsible for about 20e25 households.
Ethical consideration
This study was approved by the institutional review board of the researchers' institution (Approval no. 2012-37). All participants were informed about the study purpose and procedures in their native language, Tigrinya. They were also given the right to withdraw from the study without any consequences. After all the information about the study was provided, written informed consent was obtained from each participant.
Theoretical framework for the community outreach program
The four key components of Rogers' theory [7] , which are innovation, communication channels, time, and social system, provided our study with the framework for the community outreach program (Figure 2) . First, the innovation of the theory was considered as maternal health-related behaviors, such as family planning, institutional birth, and antenatal/postnatal care in our study. The new health information regarding family planning, institutional birth, and antenatal/postnatal care was provided to the community using various communication channels.
For communication channels with residents in the community, we used two ways to deliver maternal health-related messages: mass media and interpersonal communication. The radio and a village billboard were used as modes of mass media. Maternal health-related information was broadcasted through a local radio station for 3 months, and a large billboard advertising the project was set up at the entrance of the village. In addition, posters promoting maternal health were posted at the health center and health posts. T-shirts and calendars printed with maternal health messages were provided to the community residents for further promotion of the project and health education.
Interpersonal channels are more significant than mass media at the persuasion stage. Subjective evaluation about the innovation from significant others affects individuals' attitudes toward the innovation [7] . Therefore, our program included interpersonal communication to effectively carry our intervention to the community. In our program, groups of lay women, the HDA, and male community leaders worked as liaisons to deliver our information to the individuals in their community.
The time period for the program was two and a half years. Finally, the Ethiopian social system, comprising the Ethiopian national health policy and Ethiopian health strategy, was supportive of our attempts to spread the intervention to the community.
Intervention
Maternal health education was provided to the women in the intervention community using two different approaches, villagelevel education and small group education. Two village-level education sessions regarding family planning, safe delivery, and postpartum care were offered to the women in Kihen, the intervention community; 90 and 106 women attended at each session, respectively. In addition, a three-session small group class was provided to the women residing in Kihen. A total of 39 small groups with 2,576 women and 117 sessions of health education were given about family planning, antenatal care and institutional birth, and postnatal management and neonatal/child care. To encourage paternal participation in family planning, one education session was also given to male community leaders in the intervention area.
Mass media was used to improve the women's awareness of maternal health. The village billboard and the local radio were used to disseminate maternal health information. The radio health information including postpartum care and paternal participation, child caring, and family planning was broadcasted everyday morning and afternoon. T-shirts and calendars carrying maternal health information were also offered to the women and their family in the intervention area.
In addition to the health education to the women in the intervention community, we provided on-the-job training sessions for various groups of health-care professionals, including nurses, basic emergency obstetric care nurses, midwives, and HEWs, to improve their capacity in practice and provide quality of care to the women [8] . We also educated and mobilized 39 HDA members to help the women in their villages improve the women's awareness of maternal health.
Comparison group
The comparison group community Mesanu received usual maternal care. Because the comparison and the intervention group communities were in the same jurisdiction of Agula Health Center, they had to share some parts of our intervention, i.e., maternal health information via radio broadcasting and on-the-job training for health-care professionals. However, the comparison group community did not receive village-level and small group health education sessions and maternal health information through village billboard, T-shirts, and calendars.
Measurements
The survey questionnaire in this study was developed based on the literature review about Ethiopia national healthy survey [9] and global maternal-child health programs [10e12], including the Maternal and Neonatal Health Program [13] . The questionnaire consisted of items about sociodemographic characteristics; knowledge about major health problems during pregnancy (10 items), childbirth (seven items), and postpartum periods (nine items), and family planning (12 items); and frequency of contraceptive use, antenatal care visits, institutional birth, and postpartum checkups. The items to measure knowledge in four different topics were answered using yes (1) or no (0). Total score was summed for each topic, with a higher score indicating a higher level of knowledge in the specific topic. After developing the questionnaire based on this project's purpose, content validity was confirmed by two nursing professors specialized in maternal and child health. An Ethiopian nursing professor translated the English version of the questionnaire into the Tigrinya language, which is spoken in the Tigray region of Ethiopia. A pretest of the Ethiopian version was conducted with 10 Ethiopian women. There were no issues about understanding and answering the items of the questionnaire.
Data collection procedures
After receiving approval for the study, a baseline survey before the intervention was conducted between October 2012 and December 2012 [14] . The final survey after the intervention was completed in June 2014 to July 2014. Four HEWs from health posts and five nurses from the health center in the study area were chosen to collect data. They were familiar with the organization of the villages and could speak both English and Tigrinya. Before starting data collection, they were trained for 3 hours about the purpose of the survey and how to investigate the survey. They visited the residents' homes and obtained written informed consent after explaining the purpose of the survey. Every participant was interviewed face to face to help her understand the survey items. It took 30e50 minutes per participant to collect the data. To ensure the quality of the survey, our research assistant accompanied and monitored the data collectors throughout the entire data collection period. He also reinterviewed five households randomly selected from the study participant list to examine the validity of the data collected by the data collection individuals, HEWs, and nurses. There were no significant differences between the data collected by the data collection individuals and those collected by the research assistant.
Data analysis
STATA, version 14 (StataCorp LCC, Texas, USA), was used to analyze the data. To analyze the effects of the program, the generalized estimating equation (GEE) was used with variables of time (before and after the intervention) and group (intervention and comparison). The GEE estimates the population-averaged effects [15] and is different from an individual-level approach. A pvalue less than .05 was considered statistically significant.
Results
General characteristics of the participants
The mean ages of the participants in the two groups before and after the intervention were 32.11 ± 9.06 (before intervention) and 32.50 ± 8.95 years (after intervention) in the intervention group and 33.98 ± 7.97 (before intervention) and 33.63 ± 7.63 years (after intervention) in the comparison group, respectively. Most participants (72.9e79.0%) were married, and the majority (89.9e99.8%) claimed an Orthodox religion. More than two-thirds (67.6 e 89.7%) were not officially educated. Most (87.5e96.0%) reported their economic status as low before the intervention, whereas less than half (38.6e48.8%) reported low economic status after the intervention. The mean number of living children was about three to four per woman (Table 1) .
Knowledge on pregnancy/childbirth and family planning
The intervention group showed increases in knowledge about pregnancy, labor and childbirth, postnatal care, basic newborn care, and family planning after the intervention; the comparison group demonstrated decreases in this knowledge, except in family planning ( Table 2 ). The GEE analysis revealed that the intervention group showed significant increases in all the knowledge items compared with the comparison group after the intervention (p < .001) ( Table 3) .
Maternal health behaviors
In the intervention group, rates of contraceptive use, antenatal care, institutional birth, and postpartum checkups increased, whereas the comparison group showed decreases in antenatal care and postpartum checkups and increases in contraceptive use and institutional birth. Contraceptive use increased from 31.3% to 61.8% in the intervention group. Surprisingly, the institutional birth rate dramatically increased from 10.8% to 93.5% (Table 4 ). According to the GEE results, the intervention group showed significantly steeper increase rates in all the health practice behaviors compared with the comparison group after the intervention (p < .001) ( Table 5 ).
Discussion
Our results show that a community outreach program empowering health-care professionals effectively improved knowledge and behaviors regarding maternal health in women residing in a rural area of Ethiopia. The most exciting outcome of the program was a dramatic increase in the institutional birth rate in the community. Ethiopian women traditionally prefer giving birth at their homes with the assistance of family members and relatives. A recent study from the Sekela district in Ethiopia reported that about 80% of women wanted to give birth at home, and about 90% of the community preferred home as the place of delivery [16] . An Ethiopian national survey showed that 90% of births occurred at home, while only 10% of births occurred at health facilities [2] . Most Ethiopian women perceive that home delivery is natural and comfortable, and cultural practices are allowed during a birth at home [16e18]. These cultural beliefs result in lower value being placed on birth at a health facility by Ethiopian women. However, home births without skilled birth attendants are not as safe as home births. Birth in the presence of skilled health professionals is a key factor in lower maternal mortality [19] . Our program included health education to emphasize the benefits of institutional birth with skilled birth attendants and the risks of home delivery with untrained birth attendants. As a result, women residing in the intervention area had a significantly higher rate of health facilityebased delivery than those in the comparison area, although the comparison group also showed an increase in the institutional birth rate from 27.5% to 84.7%.
A recent cross-sectional study with lactating Ethiopian women reported a higher institutional birth rate of 96.5% [20] . The high institutional birth rates may have resulted from the efforts of the Ethiopian government to decrease maternal mortality by enhancing facility delivery through the national reproductive health strategy for 2006-2015 [21] . In addition to the Ethiopian governmental efforts, our results from GEE analysis demonstrated a significant effect of our intervention on the increase in institutional birth rate in terms of time and group. These results show that our community-based outreach maternal health program delivering related health education to women in community was successful to increase outcomes to achieve national maternal health goals in Ethiopia. Unlike our community outreach program, a communitybased maternal care program consisting of trained midwives working at a rural health center, transportation, and supplies for midwives in Ethiopia was not effective to increase the institutional birth rate [22] . Therefore, a community-based program for maternal health should be considered to deliver services directly to the recipients in a community based on the health goals of the country.
Our study results suggest that improvement of maternal health in a developing country follows the innovation-decision process of the diffusion of innovations theory [6] , which states that knowledge precedes decision and implementation. To improve maternal health knowledge in the intervention group, our program provided face-to-face health education regarding family planning, childbirth, antenatal and postnatal care, and childcare. As a result, women in the intervention area increased their knowledge about pregnancy, childbirth, and family planning in terms of time and group, which implies that our program was effective at improving maternal health knowledge in Ethiopian women. In addition to small group education for Ethiopian women, communication channels, including mass media and interpersonal channels, were also utilized to distribute maternal health information to the community. These communication channels worked well to disperse new maternal health information among Ethiopian women in the intervention area.
In support of a previous study [23] that reported a positive effect of mass media and TV on maternal health behavior in Ethiopian women, radio broadcasting was an effective form of mass media in the intervention area to rapidly spread maternal health information to large audiences in the community. Radios have been also recognized as an effective local mass media platform along with community-based health programs in other rural areas of Ethiopia to change the attitudes of the residents toward maternal health [24] . In addition, monthly calendars containing different topics a Only those who experienced pregnancy, childbirth, and postpartum care within the last 2 years. about maternal health were particularly helpful to reinforce new knowledge daily for these women. After building up their maternal health knowledge, the Ethiopian women showed increases in family planning behaviors, antenatal care practice, institutional childbirth, and postpartum care. Our study results indicate that maternal health-related knowledge could bring positive effects on maternal health behaviors. Therefore, a community-based outreach program may utilize different types of communication channels to build up new health knowledge, leading to improved health behaviors. In particular, health professionals such as HEWs should be trained to improve maternal health while working as interpersonal communication channels with the women in community. The study by Afework et al. [25] also demonstrated that HEWs were effective to increase health-care facility use for antenatal care through home visits during pregnancy. In addition, opinion leaders of the community, such as the HDA in Ethiopia, should be included as an additional interpersonal channel in the development of health programs to disseminate the innovation efficiently [26] .
In addition to the increase in institutional childbirth rate, the contraceptive use rate for women in the intervention area significantly increased from 31.3% to 61.8% in terms of time and group, whereas the women in the comparison area showed a small increase from 33% to 35%. Given that a recent study in Ethiopia reported 40.9% contraceptive use in women who gave birth [27] , our result demonstrates the effectiveness of the community outreach program for maternal health improvement.
Family planning was an education topic of our community outreach program for the nurses as well as the women, which resulted in the largest increase in nurse confidence and satisfaction [8] . Health professionals with high confidence in family planning may have helped Ethiopian women to use contraceptives. These results add evidence to the importance of continuous on-the-job training of health-care professionals in developing countries. Health-care professionals with high knowledge, skills, and confidence will be able to deliver effective maternal health care to the community so that optimal health status can be achieved.
Family planning is well known to reduce maternal and infant mortality in developing countries, including Ethiopia [28] . In addition, it helps women enhance women's right to reproductive freedom by preventing unwanted pregnancy. Women in Ethiopia traditionally have lower decision-making autonomy in the family compared with their husbands. According to the Ethiopia demographic and health survey [2] , 35% of married men made decisions on their own health care; however, only 13% of married women determined their personal care. Also, a recent study demonstrated that Ethiopian women with a husband who supported use of contraceptives were 17 times more likely to use family planning methods compared with their counterparts [28] . Spousal refusal of contraceptives was one of the main reasons for lack of use in Ethiopian women [29] .
These results indicate that Ethiopian women are likely to depend on their husbands for their own health issues. Adoption and practice of new ideas and family planning using contraceptives may empower Ethiopian women. Knowledge and attitude toward maternal and child health care have been shown to be significantly associated with Ethiopian women's autonomy [30] . Therefore, our community-based outreach program providing health education to women was helpful to increase their autonomy and knowledge about family planning. Future studies may need to investigate the association between Ethiopian women's awareness of their rights in maternal health and the family planning care provided.
There were some study limitations to this study. It was conducted in one rural area of Ethiopia, which should be considered when generalizing the results. In addition, the Ethiopian government promoted a national reproductive health strategy during the study period. This may have added strong positive effects to the outcomes of the study intervention. Finally, our study intervention was developed and delivered at the community level and not at the individual level, which led to data collection from different preintervention and postintervention samples. We suggest a cluster randomized controlled study design for future community intervention studies. Also, follow-up evaluations after the post-test should be included to ensure sustainability of the intervention effect.
Conclusion
Overall, our program successfully improved maternal and child health in Kihen, Ethiopia. One of the key factors for the success was knowledge change of the women. Our study demonstrated that the community outreach program using a various communication channels including mass media and village unitebased small group education effectively increased the women's knowledge and changed their health behaviors. Our outreach program was accessible and affordable to the women in the community. Therefore, on-site small group education and use of mass media should be considered when planning health program for residents living in rural areas who lack transportation to a major health center.
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